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DISPLAY APPARATUS

[0001] This non-provisional application claims priority
under 35 U.S.C.§119(a) on Patent Application No. 2016-
091219 filed in Japan on Apr. 28, 2016, the entire contents
of which are hereby incorporated by reference.

FIELD
[0002] The present disclosure relates to a display appara-
tus.
BACKGROUND
[0003] A display apparatus comprises a display panel on

which an image is displayed. The display panel is driven by
a driver circuit so that an image is displayed on a display
surface. A display apparatus has been proposed in which the
number of output terminals of a driver integrated circuit (IC)
is reduced by employing a demultiplexer in the driver
circuit. Such a display apparatus is disclosed in Japanese
Patent Application Laid-Open Publication No. 2004-
170767, for example.

[0004] In the case where a demultiplexer is employed, the
output terminals of the driver IC are respectively corre-
sponding with multiple pixels selected at the same time in
one scanning period. Drive signals for the respective pixels
are divided by time and output through the output terminals.
The demultiplexer distributes the drive signals to the pixels.
This shortens the input time for the drive signals distributed
to the respective pixels. The shorter input time for the drive
signals may cause a shortage of voltage to be applied to the
pixels. For example, it may be possible that a voltage
depending on the gradation level of a pixel is not applied to
the pixel. The shortage of voltage causes deterioration in
image quality. In the description below, the shortage of
voltage to be applied to a pixel will also be referred to as a
voltage shortage. Moreover, the application of voltage to a
pixel is also called writing, and thus the voltage shortage is
also referred to as writing insufficiency.

SUMMARY

[0005] A display apparatus according to an aspect of the
present disclosure includes: a display unit in which a first
plurality of main pixels including subpixels of a first color
to an N-th color are arrayed in a line, “N” being an integer
larger than 1; and a demultiplexer including a distribution
unit configured to distribute a drive signal which drives any
one of a plurality of subpixels included in a subpixcel group
to the one of the plurality of subpixels. The subpixel group
includes a plurality of subpixels included in a second
plurality of main pixels among the first plurality of main
pixels, one or more main pixels being interposed between
the second plurality of main pixels, the plurality of subpixels
being subpixels having a same color to which drive signals
of the same polarity are input.

[0006] The above and further objects and features will
more fully be apparent from the following detailed descrip-
tion with accompanying drawings.

[0007] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of this
disclosure.

Nov. 2, 2017

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an exploded perspective view illustrating
a configuration of a liquid crystal display apparatus;

[0009] FIG. 2 illustrates the configuration of a liquid
crystal panel;
[0010] FIG. 3 is a block diagram illustrating a configura-

tion of a driver I1C;

[0011] FIG. 4 illustrates a method of distributing drive
signals using a demultiplexer in a related art;

[0012] FIG. 5 is a timing chart illustrating an example of
a drive waveform for a pixel circuit;

[0013] FIG. 6 illustrates an example of a pixel configura-
tion of a liquid crystal panel;

[0014] FIG. 7 illustrates an example of a check pattern;
[0015] FIG. 8 illustrates an example of a check pattern;
[0016] FIG. 9 illustrates an example of a check pattern;
[0017] FIG. 10A illustrates control performed when a

Pixel Check pattern is displayed;

[0018] FIG. 10B illustrates control performed when a
Pixel Check pattern is displayed;

[0019] FIG. 10C illustrates control performed when a
Pixel Check pattern is displayed;

[0020] FIG. 11 is a timing chart illustrating an example of
a voltage shortage;

[0021] FIG. 12A illustrates control performed when a 1x1
Bar pattern and a Dot Check pattern are displayed;

[0022] FIG. 12B illustrates control performed when a 1x1
Bar pattern and a Dot Check pattern are displayed;

[0023] FIG. 12C illustrates control performed when a 1x1
Bar pattern and a Dot Check pattern are displayed;

[0024] FIG. 13 illustrates an example of a pitch conver-
sion wiring part;

[0025] FIG. 14 illustrates an equivalent circuit of the pitch
conversion wiring part;

[0026] FIG. 15 illustrates a configuration of a demulti-
plexer according to Embodiment 1;

[0027] FIG. 16 illustrates a configuration of a first distri-
bution unit;

[0028] FIG. 17 illustrates a configuration of a demulti-
plexer;

[0029] FIG. 18A illustrates control performed when a

Pixel Check pattern is displayed;
[0030] FIG. 18B illustrates control performed when a
Pixel Check pattern is displayed;
[0031] FIG. 18C illustrates control performed when a
Pixel Check pattern is displayed;

[0032] FIG. 19 is a timing chart illustrating a drive wave-
form;
[0033] FIG. 20A illustrates control performed when the

1x1 Bar pattern and the Dot Check pattern are displayed;
[0034] FIG. 20B illustrates control performed when the
1x1 Bar pattern and the Dot Check pattern are displayed;
[0035] FIG. 20C illustrates control performed when the
1x1 Bar pattern and the Dot Check pattern are displayed;

[0036] FIG. 21 illustrates a configuration of a demulti-
plexer;
[0037] FIG. 22A illustrates control performed when the

Pixel Check pattern is displayed;

[0038] FIG. 22B illustrates control performed when the
Pixel Check pattern is displayed;

[0039] FIG. 22C illustrates control performed when the
Pixel Check pattern is displayed;

[0040] FIG. 23A is a time chart illustrating drive timing of
a demultiplexer;
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[0041] FIG. 23B is a time chart illustrating drive timing of
a demultiplexer;
[0042] FIG. 24A is a time chart illustrating drive timing of
a demultiplexer;
[0043] FIG. 24B is a time chart illustrating drive timing of
a demultiplexer;

[0044] FIG. 25 illustrates another configuration of a
demultiplexer;
[0045] FIG. 26 illustrates a configuration of a first distri-

bution unit; and

[0046] FIG. 27A illustrates an association between a
demultiplexer and subpixels;

[0047] FIG. 27B illustrates an association between a
demultiplexer and subpixels.

DETAILED DESCRIPTION

Embodiment 1

[0048] Embodiments will be described below in detail
with reference to the drawings. The ordinal numbers such as
“first,” “second” and the like in the specification and claims
are denoted to clarify the relationship between elements and
to prevent confusion between elements. These ordinal num-
bers are therefore not to limit the number of elements.
[0049] Moreover, the term “connect” means that to-be-
connected elements are electrically connected with each
other. The term “electrically connect” also includes the
connection between the to-be-connected elements via an
electric element such as an electrode, a wiring, a resistance,
a capacitor or the like. It is noted that the terms “electrode,”
“wiring” and “terminal” functionally limit these compo-
nents. For example, the “terminal” and “wiring” may also be
used as a part of the “electrode.” Moreover, the “electrode
and “terminal” may also be used as a part of the “wiring.”
Alternatively, the “electrode” and “wiring” may also be used
as a part of the “terminal.”

[0050] In the description below, a liquid crystal display
apparatus comprising a liquid crystal display (LCD) panel is
described as an example of a display apparatus. FIG. 1 is an
exploded perspective view illustrating a configuration of a
liquid crystal display apparatus 10. The liquid crystal display
apparatus 10 includes a liquid crystal panel 101, a backlight
unit 102 and a bezel 103. The configuration of the liquid
crystal panel 101 will be described later. The backlight unit
102 supplies planar light. The bezel 103 forms the shape of
a frame. The bezel 103 covers the periphery of the liquid
crystal panel 101. The bezel 103 is assembled to the back-
light unit 102. The planar light from the backlight unit 102
is directed to a rear surface of the liquid crystal panel 101.
The liquid crystal panel 101 controls the light to display an
image on a front surface.

[0051] FIG. 2 illustrates a configuration of the liquid
crystal panel 101. The liquid crystal panel 101 includes a
thin film transistor (TFT) substrate 1, a color filter substrate
2 and a seal part 3.

[0052] Multiple pixel circuits are arrayed in matrix on the
TFT substrate 1. A color filter element and a black matrix are
arrayed on the color filter substrate 2. The seal part 3 bonds
the TFT substrate 1 to the color filter substrate 2. Liquid
crystal is disposed between the TFT substrate 1 and the color
filter substrate 2.

[0053] On the TFT substrate 1, scanning drivers 12, a data
line electro-static-discharge (ESD) protection circuit 13, a
demultiplexer 4 and a driver integrated circuit (IC) 14 are
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disposed. Furthermore, one end of a flexible printed circuit
(FPC) 15 is connected to the TFT substrate 1.

[0054] The scanning drivers 12 are located at the outer
right and left sides, respectively, of the active matrix part 11
on the TFT substrate 1. The scanning drivers 12 drive
scanning lines. The data line ESD protection circuit 13
prevents a damage caused by electrostatic discharge. The
driver IC 14 supplies a drive signal for driving pixels to the
demultiplexer 4. The liquid crystal in a pixel is controlled for
its orientation based on the drive signal. Note that the pixel
here indicates a subpixel which will be described later.
[0055] The demultiplexer 4 distributes the drive signals
supplied from the driver IC to the pixels connected to data
lines. The driver IC 14 is mounted to the TFT substrate 1
with the use of an anisotropic conductive film. The TFT
substrate 1 is connected to external equipment via the FPC
15.

[0056] The liquid crystal panel 101 includes, for example,
main pixels arrayed in Y rows and X columns (each of Y and
X is an integer equal to or larger than 1). Each subpixel
displays one color based on the color filter substrate 2. Each
of the main pixels includes subpixels of the first color to the
N-th color (N is an integer larger than 1). Here, N=3. The
first color is red. The second color is green. The third color
is blue. A pixel circuit is provided to correspond to each
subpixel.

[0057] FIG. 3 is a block diagram illustrating a configura-
tion of the driver IC 14. The driver IC 14 includes a data
reception part 141, a timing controller 142, a panel control-
ler 143, a gradation voltage control part 144, a source driver
145 and a DC/DC converter 146.

[0058] The data reception part 141 receives an image
signal from an external device. For example, an image signal
is a signal according to the Mobile Industry Processor
Interface (MIDI, registered trademark) standard. The timing
controller 142 receives control signals from an external
device. The control signals are, for example, a horizontal
synchronizing signal and a vertical synchronizing signal.
The timing controller 142 includes a luminance control part
1421, a color control part 1422 and a gamma correction/
VCOM adjustment part 1423. The luminance control part
1421 obtains a luminance value of each pixel based on an
image signal. The color control part 1422 obtains a lumi-
nance value of each subpixel based on a luminance value.
The gamma correction/'VCOM adjustment part 1423 per-
forms gamma correction. Moreover, the gamma correction/
VCOM adjustment part 1423 corrects voltage applied to a
common electrode. The panel controller 143 outputs a
control signal to the scanning driver 12 and a control signal
to the demultiplexer 4, based on a horizontal synchronizing
signal. The gradation voltage control part 144 replaces the
luminance value of each subpixel with a gradation value,
and outputs voltage depending on the gradation value to the
source driver 145. The source driver 145 generates a drive
signal based on the voltage obtained from the gradation
voltage control part 144 and the vertical synchronizing
signal, and outputs the drive signal to the demultiplexer 4.
The DC/DC converter 146 supplies power to its own or other
components based on the input power from an external
source. Moreover, the DC/DC converter 146 supplies a
voltage VCOM to be applied to a common electrode to a
pixel circuit.

[0059] The liquid crystal display apparatus 10 includes a
display unit, a control circuit and a driver circuit. The
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display unit is, for example, the liquid crystal panel 101. The
liquid crystal panel 101 is a liquid crystal cell device which
includes two glass substrates, a TFT substrate and a counter
glass substrate. The control circuit is, for example, a panel
controller 143. The driver circuit is, for example, a source
driver 145. All function of the source driver 145 is integrated
in the driver IC 14. The panel controller 143 function not
only may be integrated in the driver IC 14 but also may be
achieved in the other IC such as a power supply controlling
IC in order to pursuit the efficiency of the DC/DC converting
function.

[0060] Next, the demultiplexer will be described. In the
related art, the number of data lines have increased due to the
advancement of a highly precise liquid crystal panel.
Accordingly, it is necessary to increase the number of output
terminals of the driver IC which drives data lines. However,
there is limitation in the space where the driver IC is
disposed because of the requirement for a display apparatus
to have a narrowing frame and a reduced size. It is thus
difficult to provide output terminals of the driver IC in the
number corresponding to the number of data lines. That is,
it is difficult to have the output terminals of the driver IC and
the data lines in one-to-one correspondence. Thus, a demul-
tiplexer is disposed between the driver IC and the data line.
The demultiplexer allows the number of output terminals of
the driver IC to be smaller than the number of data lines.
[0061] The demultiplexer is a circuit for distributing input
signals input through one input terminal to any one of the
output terminals. Such a demultiplexer is also present that
has multiple sets of terminals, each set including one input
terminal and multiple output terminals corresponding
thereto. A demultiplexer is configured by an analog switch
using a TFT. The demultiplexer distributes input signals by
switching this analog switch. Switching of the analog switch
is performed based on a control signal. The demultiplexer
may drive data lines corresponding to n times the number of
output terminals of the drive IC by switching the output of
the driver IC through the analog switch n times during the
scanning period.

[0062] Next, a demultiplexer in a related art will be
described. FIG. 4 illustrates a method of distributing drive
signals using the demultiplexer in the related art. A demul-
tiplexer 400 includes six input terminals S1 to S6, twelve
output terminals X1 to X6 and Y1 to Y6, and two control
signal terminals CN1 and CN2. D1 to D6 respectively
represent drive signals to be input to the input terminals S1
to S6. Since the demultiplexer 400 has six input terminals
and twelve output terminals, it is a 6-to-12 demultiplexer.
The demultiplexer 400 controls the distributing operation
based on control signals CKH1 and CKH2 input to control
signal terminals CN1 and CN2, respectively.

[0063] The demultiplexer 400 includes distribution units
4017 (n is an integer from 1 to 6) distributing signals input
to an input terminal Sn to output terminals Xn or Yn. Each
of the distribution units 4017 includes two switching ele-
ments 402. The switching elements 402 are controlled by the
control signal CKH1 or CKH2. When the control signal
CKHI1 is active, one of the two switching elements is turned
on. When the control signal CKH2 is active, the other one
of the two switching elements is turned on. In FIG. 4, the
distribution unit 4011 is enclosed by a line. The distribution
unit 4011 distributes the signal input from the input terminal
S1 to the output terminal X1 when the control signal CKH1
is active. The distribution unit 4011 distributes the signal
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input from the input terminal S1 to the output terminal Y1
when the control signal CKH2 is active. The distribution
units 4012 to 4016 operate similarly to the distribution unit
4011. Moreover, it is not assumed here that the control
signals CKH1 and CKH2 are both active.

[0064] The operation of distributing drive signals in FIG.
4 will now be described. Liquid crystal is generally driven
by AC Voltage, symmetric positive and negative data signal.
Thus, in consideration of the symmetry of the positive and
negative voltage, connection is made such that the voltage to
be applied to the pixels has a uniform polarity. In the liquid
crystal display, polarities are inverted between adjacent
subpixels (data lines are inverted) for driving in order to
prevent decrease in the image quality. An example of
decrease in the image quality includes a so-called flicker. As
such, signals of the same polarity are paired and 2x3 or 3x2
sets of the pairs are used.

[0065] FIG. 4 illustrates two 2x3 sets. In FIG. 4, drive
signals input to the input terminals S1 to S6 are categorized
into two by triangles and squares. The drive signals of the
same figure indicate that they have the same polarity. The
drive signals of different figures indicate that they have
different polarities. The drive signals D1, D3 and D5 are
indicated as having the same polarity. The drive signals D2,
D4 and D6 are indicated as having the same polarity.
Moreover, the drive signals D1, D3 and D5 have a polarity
different from that of the drive signals D2, D4 and D6.

[0066] R1 to R4, G1 to G4 and B1 to B4 connected to the
output terminals X1 to X6 and Y1 to Y6 represent subpixels.
The alphabet indicates the color of a subpixel. R1 to R4
represent the subpixels of red. G1 to G4 represent the
subpixels of green. B1 to B4 represent the subpixels of blue.
The numbers are to identify the main pixel which includes
the subpixel. The subpixels with the same number indicate
that they are included in the same main pixel. For example,
R1, G1 and B1 are included in the same pixel.

[0067] The demultiplexer 400 illustrated in FIG. 4 so
operates that signals of different polarities are applied
respectively to adjacent subpixels. For example, it is
assumed that the drive signals D1, D3 and D5 are signals
with a positive polarity. Here, the drive signals D2, D4 and
D6 are signals with a negative polarity. When the control
signal CKH1 is active, the drive signal D1 is distributed to
the subpixel R1. The drive signal D2 is distributed to the
subpixel G1. The drive signal D3 is distributed to the
subpixel G2. The drive signal D4 is distributed to the
subpixel B2. The drive signal D5 is distributed to the
subpixel B3. The drive signal D6 is distributed to the
subpixel R4.

[0068] When the control signal CKH2 is active, the drive
signal D1 is distributed to the subpixel B1. The drive signal
D2 is distributed to the subpixel R2. The drive signal D3 is
distributed to the subpixel R3. The drive signal D4 is
distributed to the subpixel G3. The drive signal D5 is
distributed to the subpixel G4. The drive signal D6 is
distributed to the subpixel B4. In voltage applications twice,
the polarities of the voltage applied to the subpixels are as
follows when indicated in sequence from left. Positive,
negative, positive, negative, positive, negative, positive,
negative, positive, negative, positive, negative. As such, in
the related art also, the demultiplexer 400 is used to imple-
ment the operation of applying signals of different polarities
respectively to adjacent subpixels.
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[0069] With the use of the demultiplexer, however, a
shortage of voltage is likely to occur. In the case of using the
demultiplexer 400 as described above, one scanning period
is divided into two and drive signals are applied in sequence
to two subpixels. Thus, compared to the case of not using a
demultiplexer, the time for applying drive signals to sub-
pixels is reduced to approximately half. If the time for
applying drive signals is shortened, it is more likely that a
shortage of voltage occurs by the amount corresponding to
the shortened time. The shortage of voltage in the demulti-
plexer then causes a defect as described below.

[0070] FIG. 5 is a timing chart illustrating an example of
a drive waveform in a pixel circuit. The horizontal axis
indicates time, while employing the unit of seconds (s). The
vertical axis indicates voltage, while employing the unit of
volt (V). The waveform denoted as “gate” represents a gate
signal. The waveform denoted as “data” represents a drive
signal. The waveform denoted as “Pixel” represents a poten-
tial of a pixel electrode. VCOM is a common electrode or an
opposite electrode, which is an electrode holding voltage
between itself and the pixel electrode. The waveform
denoted as “VCOM?” represents the potential of this VCOM.
To the Pixel, in the chart of FIG. 5, a positive voltage is
written after rising of the initial gate signal, and a negative
voltage is written at the rising of the next gate signal. As
illustrated in FIG. 5, VCOM and the drive signal have a
difference in a direct current (DC) component by the amount
corresponding to feedthrough voltage caused by TFT con-
stituting the pixel circuit.

[0071] The feedthrough voltage is dependent on the capac-
ity ratio of the parasitic capacitance of TFT to the sum of the
retention capacitance and liquid crystal capacitance. More
specifically, if the voltage of the drive signal is different, the
feedthrough voltage may also be different due to the dielec-
tric anisotropy of liquid crystal. More specifically, as the
voltage difference between the first drive signal and the
second drive signal that are applied in sequence to the
subpixels is increased, the difference in the feedthrough
voltage is also increased. It is noted that the first drive signal
has, for example, voltage corresponding to black, whereas
the second drive signal has voltage corresponding to white.
[0072] Moreover, as the parasitic capacitance of TFT
varies depending on the gate voltage, the feedthrough volt-
age is different if the drive signals with the same absolute
value of voltage have different polarities. For example, even
if the eleventh drive signal and the twelfth drive signal
applied in sequence to the subpixels have the same voltage,
the feedthrough voltage is different if they have different
polarities.

[0073] As such, if the drive signals having different polari-
ties and a large voltage difference are sequentially applied to
the pixels, the difference in the feedthrough voltage is
increased, and such a difference in the feedthrough voltage
is observed as a flicker (polarity-asymmetric component).
The shortage of voltage by the demultiplexer facilitates the
difference, thereby worsening the flicker. It is thus required
for the demultiplexer to have such a drive condition as to
generate no shortage of voltage.

[0074] Meanwhile, the liquid crystal display apparatus is
verified for any problem in the display performance at the
time of product shipment using a predetermined image
pattern referred to as a check pattern. It is particularly
required for the liquid crystal display apparatus to generate
no flickers in the case where the check pattern is displayed.
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[0075] The check pattern and the application of drive
signals at the time of displaying the check pattern will now
be described. FIG. 6 illustrates an example of a pixel
configuration of a liquid crystal panel. The pixel configu-
ration illustrated in FIG. 6 includes six rows and four
columns, which is a variation of the configuration of one row
and four columns illustrated in FIG. 4. In the description
below, the operation at the liquid crystal display apparatus
having the pixel configuration illustrated in FIG. 6 will be
described.

[0076] FIGS. 7 to 9 illustrate examples of check patterns.
FIG. 7 illustrates a check pattern called a 1x1 Bar pattern.
The 1x1 Bar pattern is a pattern with an alternate repetition
of'a black row and a white row. In the example illustrated in
FIG. 7, the odd rows are black whereas the even rows are
white.

[0077] FIG. 8 illustrates a check pattern called a Pixel
Check pattern. The Pixel Check pattern is a pattern in which
black, white, black and white are repeated for the respective
main pixels adjacent to each other in the left-right direction.
In the Pixel Check pattern, the main pixels adjacent to each
other in the up-down direction also have the repetition of
black, white, black and white. That is, if an odd row shows
white, black, white and black, an even row shows black,
white, black and white.

[0078] FIG. 9 illustrates a check pattern called a Dot
Check pattern. The Dot Check pattern is a pattern in which
black, white, black and white are repeated for the respective
subpixels adjacent to each other in the left-right direction. In
the Dot Check pattern, the subpixels adjacent to each other
in the up-down direction also have the repetition of black,
white, black and white.

[0079] Next, a voltage shortage occurring in the liquid
crystal display apparatus employing the demultiplexer 400
in the related art will be described. First, a specific example
of the voltage shortage is described with reference to FIGS.
10 and 11. Then, a cause of generating the voltage shortage
is described with reference to FIGS. 13 and 14.

[0080] FIGS. 10A-10C illustrates control performed when
the Pixel Check pattern is displayed. FIG. 10A illustrates
details of the control for each subpixel in the case where the
Pixel Check pattern is displayed. FIG. 10B illustrates appli-
cation of drive signals to subpixels in the odd rows. FIG.
10C illustrates the order of application to subpixels in the
even rows. R1 to R4, G1 to G4 and B1 to B4 illustrated in
FIGS. 10A-10C represent subpixels. B+, B-, W+ and W-
represent drive signals to be applied to the subpixels. B+
represents positive black. B- represents negative black. W+
represents positive white. W- represents negative white. In
FIGS. 10B and 10C, D1 to D6 represent drive signals. FIG.
10A illustrates drive signals to be applied to the respective
subpixels in the case where the Pixel Check pattern illus-
trated in FIG. 8 is displayed. As described above, each of the
distribution units 401z in the demultiplexer 400 according to
the related art divides one scanning period into two, and
sequentially applies drive signals to two subpixels. The
application in the first half of one scanning period is referred
to as the first application or simply as the first time. The
application in the last half of one scanning period is referred
to as the second application or simply as the second time.
For the drive signals D1 to D6 input to the demultiplexer
400, the distribution units 401z apply drive signals to
different subpixels at the first time and the second time,
respectively. FIGS. 10B and 10C illustrate the subpixels to
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which the drive signals D1 to D6 are applied at the first time,
and the subpixels to which the drive signals D1 to D6 are
applied at the second time, respectively. That is, in each row
corresponding to each of the drive signals D1 to D6, two
columns are filled with drive signals. In FIGS. 10B and 10C,
an arrow put between the two columns filled with drive
signals in each row indicates the order of application of the
drive signals. For example, FIG. 10B shows that, in the
writing to the odd rows, the drive signal D1 causes B+ to be
applied to the subpixel R1 at the first time and B+ to be
applied to the subpixel B1 at the second time. The column
under “difficulty” in FIGS. 10B and 10C indicates the
difficulty of application to the subpixels at the second time.
The case where no shortage of voltage occurs at the second
time is regarded as easy and is indicated as O, while the case
where a shortage of voltage occurs at the second time is
regarded as difficult and is indicated as X.

[0081] FIG. 11 is a timing chart illustrating an example of
voltage shortage. FIG. 11 illustrates the application opera-
tion of drive signals for the odd rows in the liquid crystal
panel in the case where the Pixel Check pattern in displayed.
In the upper chart of FIG. 11, the horizontal axis indicates
time. The unit of seconds (s) is employed. In the upper chart
of FIG. 11, the vertical axis indicates potential. The unit of
(V) is employed. In the upper chart of FIG. 11, V¢ represents
the potential at the center of data. VCOM represents the
potential at a common electrode or an opposite electrode.
W+ represents the potential of positive white. B+ represents
the potential of positive black. B- represents the potential of
negative black. W- represents the potential of negative
white. The lower part of FIG. 11 illustrates a chart showing
the change with time for the control signals CKH1 and
CKH2 input to the demultiplexer. Moreover, SCAN is a
scanning signal. The control signals CKH1 and CKH2 as
well as the scanning signal SCAN correspond to a positive
logic (high active).

[0082] FIG. 11 illustrates the operation as shown in FIG.
10B by a timing chart. The drive signal D1 applies B+ at the
first time and B+ at the second time. Such application causes
a shortage of voltage at the first time but not at the second
time. The drive signal D2 applies B— at the first time and W-
at the second time. Such application causes a shortage of
voltage at the second time. The drive signal D3 applies W+
at the first time and B+ at the second time. Such application
causes a shortage of voltage at the second time. The drive
signal D4 applies W- at the first time and B- at the second
time. Such application causes a shortage of voltage at the
second time. The drive signal D5 applies B+ at the first time
and W+ at the second time. Such writing causes a shortage
of voltage at the second time. The drive signal D6 applies
W- at the first time and W- at the second time. Such
application causes a shortage of voltage at the first time but
not at the second time. Considering the application to the
even rows similarly to the odd rows, a result shown in FIG.
10C is obtained.

[0083] As described above, in the case where the demul-
tiplexer 400 according to the related art is used, a shortage
of'voltage occurs at the time of the Pixel Check pattern often
used in flicker measurement or the like is displayed. As the
shortage of voltage occurs, a direct current component is
applied to liquid crystal. This causes a problem of increased
flickers. The shortage of voltage also causes a problem of
decreased contrast.
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[0084] Patterns other than the Pixel Check pattern is now
discussed. FIGS. 12A-12C illustrates control performed
when the 1x1 Bar pattern and a Dot Check pattern are
displayed. FIG. 12A illustrates details of the control for each
subpixel in the case where the two patterns are displayed.
FIG. 12B illustrates the order of writing to the subpixels in
the odd rows in the 1x1 Bar pattern. FIG. 12C illustrates the
order of writing to the subpixels in the odd rows in the Dot
Check pattern. In FIGS. 12A-12C, the form of expressing
the subpixels, the drive signals to be applied or the like is
similar to that in FIGS. 10A-10C, and thus will not be
described. As illustrated in FIGS. 12B and C, even in the
case where the demultiplexer 400 according to the related art
is used, it is unlikely to cause a shortage of voltage if the 1x1
Bar pattern or Dot Check pattern is employed.

[0085] The shortage of voltage occurs in the display of the
Pixel Check pattern as described above because of the
following reasons. FIG. 13 illustrates an example of a pitch
conversion wiring part. FIG. 14 illustrates an equivalent
circuit of the pitch conversion wiring part. In FIG. 14, a
low-pass filter having a resistance R and a capacitance C is
illustrated as an equivalent circuit.

[0086] FIG. 13 illustrates a pitch conversion pattern where
the output terminal of the driver IC is connected to the input
terminal of the demultiplexer. As illustrated in FIG. 13, the
width where the driver IC output terminals are arrayed is
narrower than the width where the active matrix is dis-
played. Thus, adjacent wirings are arrayed at shorter inter-
vals near the output terminals of the driver IC. The interval
between the wirings needs to be shorter because of the
following reasons. The number of data lines is increased as
the liquid crystal display panel has higher definition. Mean-
while, a space for the wirings is limited in order for the
display apparatus to realize a narrowing frame. Thus, even
in the case where the demultiplexer is used, wirings are
jammed at the pitch conversion wiring part as illustrated in
FIG. 13. The jammed state of wirings increases a fringe
capacitance. The fringe capacitance corresponds to a capaci-
tor C1 in FIG. 14.

[0087] It is difficult to lower the impedance of the output
circuit of the driver IC due to the request for reduction in
consumption power of the driver IC. It is thus difficult to
increase the output current of the driver IC. Accordingly, a
part of the output current of the driver IC is consumed by
charging and discharging of the capacitor C illustrated in
FIG. 14. Thus, no sufficient current can be supplied to the
data lines, thereby causing a shortage of voltage in the drive
signals. In particular, it is difficult to apply drive signals
100% at a time in the writing from black to white and from
white to black. Accordingly, it is difficult to suppress a
shortage of voltage by taking measures of reducing the
resistance of the demultiplexer disposed between the driver
IC and the data line or of optimizing the application capa-
bility.

[0088] Moreover, if the drive signals having different
polarities are input in sequence, the potential held at the
capacitance C is canceled and the voltage to be applied to the
pixels is lowered.

[0089] As described above, as the display apparatus has
higher definition and narrowing frame, it is difficult to
completely apply signals with the same polarity from white
to black and from black to white during only one selection
period for the demultiplexer. Using the demultiplexer
according to the related art as described above, a problem



US 2017/0316747 Al

occurs in the case where the data of different colors are
combined together for application. Even if a pattern of single
color display such as all red, all blue or the like is employed,
for example, the combination of the drive signals will be
white to black and black to white. This raises a problem of
lowering the contrast. Also in the case of a natural image,
different colors have small correlation of data between
adjacent pixels, and thus the drive signals may have the
combinations of white to black and black to white. Thus, in
the display of the Pixel Check pattern, a shortage of voltage
may occur also in the display of a natural image unless the
voltage shortage is suppressed. This causes problems of
decreased contrast and increased flickers.

[0090] In order to solve the problems described above, a
liquid crystal display apparatus according to Embodiment 1
is configured from the following points of view. First, such
a property of image data is utilized that adjacent pieces of
data with the same color has a large correlation and small
variation in black and white. Embodiment 1 then employs a
circuit configuration of the demultiplexer which rarely gen-
erates the combinations of applied drive signals from white
to black and black to white, and a driving method which
supplements the voltage shortage.

[0091] FIG. 15 illustrates the configuration of the demul-
tiplexer 4 according to Embodiment 1. The demultiplexer 4
includes a first distribution unit 41, a second distribution unit
42, a third distribution unit 43, a fourth distribution unit 44,
a fifth distribution unit 45 and a sixth distribution unit 46.
Moreover, the demultiplexer 4 includes the control signal
terminal CN to which the control signal CKH is input. The
first distribution unit 41 to the sixth distribution unit 46 have
similar configurations. As a representative, the first distri-
bution unit 41 will be described below.

[0092] FIG. 16 illustrates a configuration of the first dis-
tribution unit 41. The first distribution unit 41 includes an
input terminal S1, two switching elements 411 and 412, and
two output terminals X1 and Y1. The switching element 411
is an element for switching the input terminal S1 and the
output terminal X1 to be in either one of the electrically-
connected state or electrically-disconnected state. The
switching element 412 is an element for switching the input
terminal S1 and the output terminal Y2 to be in either one
of the electrically-connected state or electrically-discon-
nected state. Each of the switching elements 411 and 412 is
a semiconductor element such as, for example, a transistor
or a metal-oxide-semiconductor field-effect transistor (MOS
FET). Each of the switching elements 411 and 412 takes
either the connected state or the disconnected state depend-
ing on the control signal CKH input to the control terminal
of the demultiplexer 4. The states of the switching elements
411 and 412 are so controlled as to be symmetric to each
other. In the case where the switching element 411 is in the
connected state, the switching element 412 is in the discon-
nected state. In the case where the switching element 411 is
in the disconnected state, the switching element 412 is in the
connected state. By the switching elements 411 and 412
operating as described above, the signal input through the
input terminal S1 in the first distribution unit 41 is output
from either one of the output terminal X1 or output terminal
Y1. That is, the first distribution unit 41 distributes the signal
input through the input terminal S1 to either one of the
output terminal X1 or output terminal Y1. The second
distribution unit 42 through the sixth distribution unit 46
operate similarly to the first distribution unit 41.

Nov. 2, 2017

[0093] Accordingly, each of the first distribution unit 41 to
the sixth distribution unit 46 takes either one of the two
states depending on the control signal input to the demulti-
plexer 4. The input control signal CKH is common to all of
the first distribution unit 41 to the sixth distribution unit 46.
Thus, only two states may be taken even for the entire
demultiplexer 4. As to which one of the two states is to be
taken is controlled by the control signal CKH. Therefore, the
control signal CKH is a digital signal of at least one bit.

[0094] A main pixel PXm (m is an integer from 1 to 4)
illustrated in FIG. 15 includes a red subpixel Rm, a blue
subpixel Bm and a green subpixel Gm. For example, the
main pixel PX1 includes a red subpixel R1, a blue subpixel
B1 and a green subpixel G1. The main pixels PX1 to PX4
are arrayed in one line as illustrated in FIG. 15. The
arrangement direction of the main pixels PX1 to PX4 is the
direction in which scanning lines are arrayed. The liquid
crystal panel 101 as an example of a display part in the
display apparatus 10 includes at least the first to fourth main
pixels arrayed in one line. The first main pixel is, for
example, a main pixel PX1. The second main pixel is, for
example, a main pixel PX2. The third main pixel is, for
example, a main pixel PX3. The fourth main pixel is, for
example, a main pixel PX4. The second main pixel is
adjacent to the first main pixel and the third main pixel. The
fourth main pixel is adjacent to the third main pixel.

[0095] Each of'the first main pixel to the fourth main pixel
includes subpixels of the first to third colors arrayed in a line.
The first color is red, for example. The second color is green,
for example. The third color is blue, for example.

[0096] The drive signals output by the driver IC 14 are
input to the input terminals S1 to S6 of the demultiplexer 4.
Drive signals for driving subpixels output from the driver IC
14 are input to the respective output terminals X1 to X6 and
Y1 to Y6 of the demultiplexer 4.

[0097] The demultiplexer 4 distributes drive signals as
follows. Since the first distribution unit 41 to the sixth
distribution unit 46 included in the demultiplexer 4 operates
similarly as described above, the distributing operation of
drive signals by the first distribution unit 41 will be
described as a representative. The first distribution unit 41
distributes the drive signal input through the input terminal
S1 to the subpixel SPX1 or the subpixel SPX2. As to which
one of the subpixels SPX1 and SPX2 is to receive the drive
signal distributed by the first distribution unit 41 is con-
trolled by a control signal.

[0098] The demultiplexer 4 divides the subpixels included
in two main pixels PX1 and PX3 into three subpixel groups.
In FIG. 15, the k-th (k is an integer from 1 to 3) subpixel
group includes the subpixel SPX2i-1 and the subpixel
SPX2k of the k-th color. Here, the first color is red, the
second color is green and the third color is blue. That is, the
first to the N-th subpixel groups include subpixels of the first
to N-th colors, respectively. The k-th subpixel group is
corresponding with the k-th distribution unit (40+k). The
k-th distribution unit simultaneously distributes the input
drive signals. Moreover, subpixels included in two main
pixels PX2 and PX4 are also grouped into three subpixel
groups, as in the main pixels PX1 and PX3. Each subpixel
group is corresponding with one distribution unit. That is,
the distribution units respectively corresponding with the
first to N-th subpixel groups simultaneously distribute the
input drive signals.
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[0099] In the check pattern described above, in order to
suppress decrease in image quality, the demultiplexer 4
includes a distribution unit distributing, to any one of the
subpixels included in a subpixel group, a drive signal for
driving this one subpixel. The distribution unit corresponds
to the first distribution unit 41 to the sixth distribution unit
46 in the example of FIG. 15.

[0100] For example, the first distribution unit 41 distrib-
utes, to any one of the subpixels (SPX1 and SPX2) included
in a subpixel group, a drive signal for driving this one
subpixel, as illustrated in FIGS. 15 and 16.

[0101] The subpixel group includes a plurality of subpix-
els included in a second plurality of main pixels among the
first plurality of main pixels, one or more main pixels being
interposed between the second plurality of main pixels, the
plurality of subpixels being subpixels having a same color to
which drive signals with a same polarity are input. In the
example of the first distribution unit 41, the subpixel group
includes a plurality of subpixels included in a second
plurality of main pixels (PX1 and PX3) among the first
plurality of main pixels, one or more main pixels PX2 being
interposed between the second plurality of main pixels, the
plurality of subpixels (SPX1 and SPX2) being subpixels
having a same color to which drive signals of a same polarity
are input. That is, the subpixel group includes the first and
second subpixels (SPX1 and SPX2) included in two main
pixels (PX1 and PX3) with one main pixel PX2 arrayed in
between. The first and second subpixels are the subpixels
having a same color to which the drive signals of the same
polarity are input.

[0102] This configuration allows the driver IC 14, in the
execution of a check pattern, to sequentially input the first
drive signal for the first subpixel and the second drive signal
for the second subpixel to the distribution unit correspond-
ing with the first and second subpixels. The first drive signal
and the second drive signal are drive signals having the same
polarity and corresponding to the same luminance (black or
white, for example). The display apparatus according to the
present embodiment can, therefore, suppress decrease in
image quality due to a shortage of voltage as described in
FIGS. 10 and 11. It is noted that specific examples of the
demultiplexer according to the present embodiment will be
described later in Examples 1 and 2 below.

[0103] FIG. 15 illustrates one demultiplexer 4 and four
main pixels PX1 to PX4 corresponding thereto. In the liquid
crystal display apparatus 10, multiple sets of the demulti-
plexer 4 and main pixels PX1 to PX4 are arrayed in a
direction of the scanning line, a so-called X direction. The
number of sets of the demultiplexer 4 and the main pixels
PX1 to PX4 is determined by the number of pixels in the X
direction. Multiple sets of the main pixels PX1 to PX4
arrayed in the X direction are provided in the scanning
direction, a so-called Y direction. The same demultiplexer 4
is corresponding with the main pixels PX1 to PX4 arrayed
in the Y direction.

[0104] Accordingly, the driver IC 14 divides one scanning
period into multiple periods. The driver IC 14 supplies a
drive signal to a different subpixel for each period. The
demultiplexer 4 includes a distribution unit respectively
corresponding with each of the subpixel groups in one-to-
one correspondence. The distribution units sequentially dis-
tributes drive signals which drive subpixels included in a
subpixel group corresponding with the one of the distribu-
tion units to the subpixels. In the configuration illustrated in
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FIG. 15, the distribution unit corresponding with the sub-
pixel group distributes the sequentially-input drive signals to
the first subpixel and the second subpixel in sequence.
Furthermore, as the demultiplexer 4 includes multiple dis-
tribution units 41 to 46, the drive signals input by the driver
IC 14 are simultaneously distributed to a plurality of sub-
pixels.

Example 1

[0105] An example of the demultiplexer 4 included in the
liquid crystal display apparatus 10 according to Embodiment
1 will now be described. FIG. 17 illustrates a configuration
of the demultiplexer 4. In the demultiplexer 4 according to
the present example, the control signal CKH is configured
with two bits. A panel controller 143 generates the control
signal CKH. The generated drive signal CKH is input to the
demultiplexer 4. The control signal CKH includes the first
control signal CKH1 (hereinafter simply referred to as
“control signal CKH1”) and the second control signal CKH2
(hereinafter simply referred to as “control signal CKH2”).
The demultiplexer 4 includes control signal terminals CN1
and CN2. The control signal CKH1 is input to the control
signal terminal CN1. The control signal CKH2 is input to the
control signal terminal CN2. For the switching elements
illustrated in FIG. 17, mechanical switches are illustrated for
convenience in order to describe the states that can be taken
by the respective switches and the relationship between the
control signal CKH1 and CKH2. The switching element 411
included in the first distribution unit 41 is controlled based
on the control signal CKH1. FIG. 17 illustrates that the
switching element 411 takes the disconnected state if the
control signal CKH1 is not active. If the control signal
CKHI1 is active, the switching element 411 takes the con-
nected state. Likewise, the switching element 412 included
in the first distribution unit 41 is controlled based on the
control signal CKH2. If the control signal CKH2 is not
active, the switching element 412 takes the disconnected
state. If the control signal CKH2 is active, the switching
element 412 takes the connected state. It is noted that the
control signals CKH1 and CKH2 correspond to positive
logic signals (active high). That is, the control signals CKH1
and CKH2 are active at high (H). The control signals CKH1
and CKH2 are not active at low (L).

[0106] The first distribution unit 41 distributes the drive
signal D1 input to the input terminal S1 as follows. If the
control signal CKH1 is active whereas the control signal
CKH2 is not active, the drive signal D1 is output from the
output terminal X1. That is, the drive signal is applied to the
subpixel SPX1. If the control signal CKH1 is not active
whereas the control signal CKH2 is active, the drive signal
D1 is output from the output terminal Y1. That is, the drive
signal D1 is applied to the subpixel SPX2. The second
distribution unit 42 through the sixth distribution unit 46
perform similar distributing operation.

[0107] The driver IC 14 outputs control signals and drive
signals to the demultiplexer 4 on the premise of the con-
figuration of the demultiplexer 4 shown in FIG. 17 and of the
connection between the demultiplexer 4 and the main pixels
as well as subpixels. The panel controller 143 sequentially
outputs signals that make the control signals CKH1 and
CKH2 active. The distribution units 41 to 46 in the demul-
tiplexer 4 distributes drive signals to one of the subpixels
included in a subpixel group, such as the subpixel SPX1, in
response to the active signal of the control signal CKH1. The
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distribution units 41 to 46 in the demultiplexer 4 distribute
drive signals to the other one of the subpixels included in the
subpixel group, such as the subpixel SPX2, in response to
the active signal of the control signal CKH2.

[0108] The subpixel group includes the first subpixel and
the second subpixel. The first subpixel is, for example, a
subpixel SPX1. The second subpixel is, for example, a
subpixel SPX2. The drive signals are distributed to the first
and second subpixels by the demultiplexer 4 in response to
the first control signal and the second control signal. The first
control signal is, for example, the control signal CKH1. The
second control signal is, for example, the control signal
CKH2. That is, the distribution units 41 to 46 distribute the
drive signals for the first subpixel to the first subpixel in
response to the first control signal. Moreover, the distribu-
tion units 41 to 46 distribute the drive signals for the second
subpixel to the second subpixel in response to the second
control signal. The first control signal (control signal CKH1)
and the second control signal (control signal CKH2) that
control the demultiplexer 4 are generated by the panel
controller 143 which is an example of a control circuit. The
panel controller 143 sequentially outputs the generated first
and second control signals to the demultiplexer 4.

[0109] The description above will be specified below in
more detail with reference to FIG. 17. The demultiplexer 4
distributes drive signals to subpixels included in the first to
fourth main pixels. The first main pixel is, for example, a
main pixel PX1. The second main pixel is, for example, a
main pixel PX2. The third main pixel is, for example, a main
pixel PX3. The fourth main pixel is, for example, a main
pixel PX4.

[0110] The demultiplexer 4 includes a first distribution
unit corresponding with the first subpixel group including
the subpixels of the first color (red) included in the first main
pixel and the third main pixel. The demultiplexer 4 includes
a second distribution unit corresponding with the second
subpixel group including the subpixels of the second color
(green) included in the first main pixel and the third main
pixel. The demultiplexer 4 includes a third distribution unit
corresponding with the third subpixel group including the
subpixels of the third color (blue) included in the first main
pixel and the third main pixel. The demultiplexer 4 includes
a fourth distribution unit corresponding with the fourth
subpixel group including the subpixels of the first color (red)
included in the second main pixel and the fourth main pixel.
The demultiplexer 4 includes a fifth distribution unit corre-
sponding with the fifth subpixel group including the sub-
pixels of the second color (green) included in the second
main pixel and the fourth main pixel. The demultiplexer 4
includes a sixth distribution unit corresponding with the
sixth subpixel group including the subpixels of the third
color (blue) included in the second main pixel and the fourth
main pixel.

[0111] The description above is generalized in the follow-
ing sentences. The demultiplexer 4 includes the i-th distri-
bution unit corresponding with the i-th subpixel group in
one-to-one correspondence, the i-th subpixel group includ-
ing the subpixels of the i-th color included in the first main
pixel and the third main pixel, the “i” being an integer of 1,
2 or 3. The demultiplexer 4 includes the (i+3)-th distribution
unit corresponding with the (i+3)-th subpixel group in
one-to-one correspondence, the (i+3)-th subpixel group
including the subpixels of the i-th color included in the
second main pixel and the fourth main pixel.
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[0112] Furthermore, the distributing operation based on
the first control signal and the second control signal is as
follows. The i-th distribution unit distributes drive signals to
subpixels included in the first main pixel in response to the
first control signal. Along therewith, the (i+3)-th distribution
unit distributes drive signals to subpixels included in the
second main pixel in response to the first control signal. The
i-th distribution unit distributes drive signals to subpixels
included in the third main pixel in response to the second
control signal. Along therewith, the (i+3)-th distribution unit
distributes drive signals to subpixels included in the fourth
main pixel in response to the second control signal.

[0113] The operation of applying drive signals in Example
1 is as follows. The control signal CKH1 is input to the
switching element 4r1 (n is an integer from 1 to 6). The
control signal CKH2 is input to the switching element 472.
[0114] When the control signal CKHI1 rises from low to
high, the switching element 471 is switched to the connected
state (ON) in response to the rising. In the state where the
control signal CKH1 is high, the control signal CKH2 is low.
When the control signal CKH2 is low, the switching element
4n2 is turned off.

[0115] Subsequently, the control signal CKH1 falls from
high to low, while the control signal CKH2 rises from low
to high. The switching element 4z1 is then turned off in
response to the falling. Moreover, the switching element 472
is turned on in response to the rising of the control signal
CKH2.

[0116] In Example 1, the drive signals are applied to
subpixels as described below. At the first application, the
control signal CKH1 rises from low to high. The control
signal CKH2 is low. The switching element 471 is turned on.
Thus, the input terminal Sn is electrically connected with the
output terminal Xn. Accordingly, the drive signal D1 input
to the input terminal S1 is applied to the subpixel R1 through
the output terminal X1. The drive signal D2 input to the
input terminal S2 is applied to the subpixel G1 through the
output terminal X2. The drive signal D3 input to the input
terminal S3 is applied to the subpixel B1 through the output
terminal X3. The drive signal D4 input to the input terminal
S4 is applied to the subpixel R2 through the output terminal
X4. The drive signal D5 input to the input terminal S5 is
applied to the subpixel G2 through the output terminal X5.
The drive signal D6 input to the input terminal S6 is applied
to the subpixel B2 through the output terminal X6, When the
first application is finished, the control signal CKH1 falls
from high to low. Thereafter, the control signal CKH2 rises
from low to high for the second application. The switching
element 472 is turned on. Thus, the input terminal Sn is
electrically connected with the output terminal Yn. Accord-
ingly, the drive signal D1 input to the input terminal S1 is
applied to the subpixel R3 through the output terminal Y1.
The drive signal D2 input to the input terminal S2 is applied
to the subpixel G3 through the output terminal Y2. The drive
signal D3 input to the input terminal S3 is applied to the
subpixel B3 through the output terminal Y3. The drive signal
D4 input to the input terminal S4 is applied to the subpixel
R4 through the output terminal Y4. The drive signal D5
input to the input terminal S5 is applied to the subpixel G4
through the output terminal Y5. The drive signal D6 input to
the input terminal S6 is applied to the subpixel B4 through
the output terminal Y6.

[0117] It is noted that the signal levels of the control
signals CKH1 and CKH2 described earlier are mere
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examples, and are more specifically illustrated in the signal
waveform view for the control signals CKH1 and CKH2
shown in FIG. 19.

[0118] FIGS. 18A-18C illustrates control performed when
the Pixel Check pattern is displayed. FIGS. 18A-18C illus-
trates details of the control for each subpixel in the case
where the Pixel Check pattern is displayed. FIG. 18B
illustrates the order of application to subpixels in the odd
rows. FIG. 18C illustrates signal application to subpixels in
the even rows. The manner of expression is similar to that in
FIGS. 10A-10C. D1 to D6 are drive signals output from the
driver IC. The drive signals D1 to D6 are respectively input
to the input terminals S1 to S6 of the demultiplexer 4.

[0119] As illustrated in FIGS. 18A and 18B, both in the
odd rows and even rows, the demultiplexer 4 applies drive
signals having the same luminance (WB) and the same
polarity (+-) at the first and second applications, which
makes the second application easy in all the subpixels. As
illustrated in FIGS. 18A and 18B, the subpixels R1, G1, B1,
R2, G2 and B2 are the subjects for the first application. The
subpixels R3, G3, B3, R4, G4 and B4 are the subjects for the
second application.

[0120] FIG. 19 is a timing chart illustrating a drive wave-
form. FIG. 19 illustrates a drive waveform in the case of
writing to the odd rows as shown in FIG. 18B. D1 to D6 in
FIG. 19 correspond to D1 to D6 described in FIG. 18B. In
the application of any drive signals, a shortage of voltage
occurs at the first time, but sufficient application may be
carried out at the second time. Comparing the two applica-
tions, the second application has less time for application to
a subpixel than the first application. Thus, if a shortage of
voltage occurs at the second time, it is more likely that
decrease in image quality such as a flicker occurs. In the
present embodiment, no shortage of voltage occurs at the
second application, which makes it possible to suppress
decrease in image quality.

[0121] Next, the operation performed in the case where a
pattern other than the Pixel Check pattern is displayed.
FIGS. 20A-20C illustrates control performed when a 1x1
Bar pattern and a Dot Check pattern are displayed. The
manner of expression in FIGS. 20A-20C is similar to that in
FIGS. 12A-12C, and thus will not be described here. As
illustrated in FIGS. 20B and 20C, the second application is
easy in either one of the 1x1 Bar pattern and the Dot Check
pattern. While FIGS. 20B and 20C do not indicate even
rows, the second application to the even rows is also easy
similarly to the odd rows.

[0122] Asillustrated in FIGS. 18B, 18C, 20B and 20C, the
drive signals D1 to D6 have the same polarity at the first and
second applications. That is, if the first application has the
positive polarity (+), the second application also has the
positive polarity. Moreover, if the first application has the
negative polarity (=), the second application also has the
negative polarity. The source driver 145 outputs a drive
signal of the first polarity or a drive signal of the second
polarity, as a drive signal. The first polarity is, for example,
the positive polarity. The second polarity is, for example, the
negative polarity. As described above, the source driver 145
outputs drive signals of the same polarity to each distribu-
tion unit at the first and second applications. The first and
second applications are carried out during the same scanning
period. Thus, the source driver 145, which is an example of
a driver circuit, outputs drive signals of the same polarity to
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the distribution unit in a period where scanning is performed
on the subpixels included in multiple main pixels arrayed in
one line.

[0123] Moreover, as illustrated in FIGS. 18B, 18C, 20B
and 20C, the source driver 145 outputs drive signals of
different polarities to the subpixels adjacent to each other.
That is, the driver circuit outputs the drive signal of the first
polarity for driving the first subpixel to the distribution unit
corresponding with the subpixel group including the first
subpixel. Furthermore, the driver circuit outputs the drive
signal of the second polarity for driving the second subpixel
to the distribution unit corresponding with the subpixel
group including the second subpixel adjacent to the first
subpixel.

[0124] As described above, according to the present
example, subpixels are divided into groups from the per-
spective that the drive signals having the same color and the
same polarity are applied thereto. Accordingly, even in the
case where the Pixel Check pattern is displayed, no shortage
of voltage occurs at the second application. This can sup-
press decrease in image quality.

Example 2

[0125] Another example of the demultiplexer 4 included
in the liquid crystal display apparatus 10 according to
Embodiment 1 will now be described. FIG. 21 illustrates a
configuration of the demultiplexer 4. Example 2 is different
from Example 1 in the switching element to which the
control signals CKH1 and CKH2 are input.

[0126] The association between subpixels and distribution
units in the demultiplexer 4 in Example 2 is similar to that
in Example 1. Also, the control signals CKH1 and CKH2 are
configured as in Example 1. Moreover, main pixels and
subpixels are arrayed similarly to Example 1. The control
signal CKH1 is input to the switching elements 421, 441,
461, 412, 432 and 452. The control signal CKH2 is input to
the switching elements 411, 431, 451, 422, 442 and 462.
[0127] When the control signal CKH1 rises from low to
high, the switching elements 421, 441, 461, 412, 432 and
452 are switched to the connected state (ON) in response to
the rising. In the state where the control signal CKH1 is
high, the control signal CKH2 is low. When the control
signal CKH2 is low, the switching elements 411, 431, 451,
422, 442 and 462 are turned off.

[0128] Subsequently, the control signal CKH1 falls from
high to low, while the control signal CKH2 rises from low
to high. The switching elements 421, 441, 461, 412, 432 and
452 are then turned off in response to the falling of the
control signal CKH1. The switching elements 411, 431, 451,
422, 442 and 462 are turned on in response to the rising of
the control signal CKH2.

[0129] In Example 2, the operation of the demultiplexer 4
may also be expressed as follows. The first distribution unit
distributes drive signals to subpixels included in the third
main pixel in response to the first control signal. Along
therewith, the second distribution unit distributes drive
signals to subpixels included in the first main pixel in
response to the first control signal. Along therewith, the third
distribution unit distributes drive signals to subpixels
included in the third main pixel in response to the first
control signal. Along therewith, the fourth distribution unit
distributes drive signals to subpixels included in the second
main pixel in response to the first control signal. Along
therewith, the fifth distribution unit distributes drive signals
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to subpixels included in the fourth main pixel in response to
the first control signal. Along therewith, the sixth distribu-
tion unit distributes drive signals to subpixels included in the
second main pixel in response to the first control signal.

[0130] Moreover, the first distribution unit distributes
drive signals to subpixels included in the first main pixel in
response to the second control signal. Along therewith, the
second distribution unit distributes drive signals to subpixels
included in the third main pixel in response to the second
control signal. Along therewith, the third distribution unit
distributes drive signals to subpixels included in the first
main pixel in response to the second control signal. Along
therewith, the fourth distribution unit distributes drive sig-
nals to subpixels included in the fourth main pixel in
response to the second control signal. Along therewith, the
fifth distribution unit distributes drive signals to subpixels
included in the second main pixel in response to the second
control signal. Along therewith, the sixth distribution unit
distributes drive signals to subpixels included in the fourth
main pixel in response to the second control signal.

[0131] Accordingly, the operation of the first to sixth
distribution units are generalized as follows. The (2i-1)-th
distribution unit distributes drive signals to subpixels
included in the (i div 3+3)-th main pixel in response to the
first control signal. Together therewith, the 2i-th distribution
unit distributes drive signals to subpixels included in the (i
div 2+41)-th main pixel in response to the first control signal.
Moreover, the (2i-1)-th distribution unit distributes drive
signals to subpixels included in the (i div 3+1)-th main pixel
in response to the second control signal. Together therewith,
the 2i-th distribution unit distributes drive signals to sub-
pixels included in the (i div 2+3)-th main pixel in response
to the second control signal. As described earlier, i is an
integer of 1, 2 or 3. Furthermore, n div m represents an
integer part of the quotient obtained by dividing n by m.

[0132] FIGS. 22A-22C illustrates control performed in the
case where the Pixel Check pattern is displayed. FIG. 22A
illustrates details of the control for each subpixel in the case
where the Pixel Check pattern is displayed. FIG. 22B
illustrates the order of writing to subpixels in the odd rows.
FIG. 22C illustrates the order of application to subpixels in
the even rows. The manner of expression is similar to that in
FIGS. 10A-10C. D1 to D6 are drive signals output from the
driver IC. The drive signals D1 to D6 are respectively input
to the input terminals S1 to S6 of the demultiplexer 4.

[0133] As illustrated in FIGS. 22B and 22C, both in the
odd rows and even rows, the demultiplexer 4 applies drive
signals having the same luminance (WB) and the same
polarity (+-) at the first and second applications, which
makes the second writing easy in all the subpixels.

[0134] Moreover, as illustrated in FIGS. 22B and 22C, the
subpixels R3, G1, B3, R2, G4 and B2 are the subjects for the
first application. The subpixels R1, G3, B1, R4, G2 and B4
are the subjects for the second application. In the present
example, in any one of the first and second applications, no
drive signals are applied to adjacent subpixels. The wirings
to the adjacent subpixels are so arrayed as to be adjacent to
each other. In the case where the drive signals flow in the
adjacent wirings, therefore, capacitive coupling is generated
between the wirings. In the present embodiment, however, a
volatage application which the drive signals flow in the
adjacent wirings simultaneously is not exist, which makes it
possible to reduce the capacitive coupling.
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[0135] In the present example, the subpixels are divided
into groups from the perspective that the drive signals
having the same color and the same polarity are applied
thereto. Accordingly, even in the case where the Pixel Check
pattern is displayed, no shortage of voltage occurs at the
second application. This can thus suppress decrease in image
quality. Furthermore, no simultaneous application is carried
out to the adjacent subpixels. This can reduce the capacitive
coupling generated between the wirings to the adjacent
subpixels.

Embodiment 2

[0136] The present embodiment relates to a form where
the shortage of voltage at the first application is improved.
According to the present embodiment, the shortage of volt-
age at the first application is improved by the following way.
[0137] In Embodiment 1, the grouping of the subpixels
and the distribution method of drive signals by the demul-
tiplexer 4 improve the second application. It is thus config-
ured that no shortage of voltage occurs in the second
application even with a shorter application time. Here, the
second application time is shortened and therefore the first
application time is extended by the amount corresponding to
the shortened time, to improve the shortage of voltage in the
first application.

[0138] FIGS. 23A-23B is a time chart illustrating drive
timing of the demultiplexer 4. FIG. 23 A illustrates the drive
timing of a demultiplexer according to the related art. FIG.
23B illustrates the drive timing of the demultiplexer 4
according to the present embodiment. In FIGS. 23A-23B,
CKH1 and CKH2 represent control signals of the demulti-
plexer 4. SCAN represents a scanning signal.

[0139] The period where SCAN is high corresponds to one
scanning period. In the scanning period, the plurality of
subpixels arrayed in one line are simultaneously scanned.
The control circuit outputs the first control signal and
thereafter outputs the second control signal in the scanning
period. As described earlier, the first control signal is, for
example, the control signal CKH1. The second control
signal is, for example, the control signal CKH2.

[0140] InFIG. 23 A, the scanning period is indicated as t,,.
The first selection period is indicated as t;;. The second
selection period is indicated as t, ,. The period from the start
of'the scanning period to the start of the first selection period
is indicated as t,. The switching period provided between the
first selection period and the second selection period is
indicated as t,. The period from the end of the second
selection period t;, to the end of the scanning period is
indicated as t,. The selection period t;; corresponds to the
first application time. The selection period t, , corresponds to
the second application time. As illustrated in FIG. 23A, in
the demultiplexer in the related art, the equations (11) and
(12) below are satisfied.

too =l (H o, (11)

1=l 12)

[0141] In the demultiplexer according to the related art,
the first application time has the same length as the second
application time.

[0142] In FIG. 23B, the scanning period t,., period t,,
switching period t; and period t, are similar to those in FIG.
23A. In FIG. 23B, the first selection period is indicated as t;.

The second selection period is indicated as t,. The selection
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period t; corresponds to the first application time. The
selection period t, corresponds to the second application
time. As illustrated in FIG. 23B, in the demultiplexer 4
according to the present embodiment, the equations (1) and
(2) below are satisfied.

too =ttt H A+, (€8]

L2k ()]

[0143] As indicated in the equation (2), the second selec-
tion period t, is shortened. The first selection period t, is
extended by the amount corresponding to the shortened
time. In other words, the second application time is short-
ened whereas the first application time is extended.

[0144] As described above, the driver IC 14 outputs the
first control signal CKHI1 to the control signal terminal CN1
of the demultiplexer 4 during the first period. Moreover, the
driver IC 14 outputs the second control signal CKH2 to the
control signal terminal CN2 of the demultiplexer 4 during
the second period. The first period is, for example, the first
selection period t,;,. The second period is, for example, the
second selection period t,,. The first period is made longer
than the second period. That is, the first period during which
the first control signal CKH1 is output to the demultiplexer
4 is longer than the second period during which the second
control signal CKH2 is output to the demultiplexer 4.
[0145] According to the present embodiment, the first
application time is made longer than the second application
time, thereby improving the shortage of voltage at the first
application.

Embodiment 3

[0146] The present embodiment relates to a form where
the shortage of voltage at the first application is improved.
According to the present embodiment, the shortage of volt-
age at the first application is improved by the following way.
[0147] The first application time is further extended com-
pared to Embodiment 2. For this purpose, the control signal
CKH1 is made active before the scanning signal is made
active. This allows the period during which the control
signal CKH1 is active, i.e. the first selection period, to be
longer.

[0148] FIGS. 24A-24B is a time chart illustrating drive
timing of a demultiplexer. FIG. 24A illustrates the drive
timing of a demultiplexer according to the related art. FIG.
24B illustrates the drive timing of the demultiplexer 4
according to the present embodiment. In FIGS. 24A-24B,
CKH1 and CKH2 represent control signals of the demulti-
plexer 4. SCAN 1 indicates the scanning signal on the i-th
scanning line. SCAN i+1 indicates the scanning signal on
the (i+1)-th scanning line.

[0149] In FIG. 24 A, the scanning period is indicated as t,,.
The first selection period is indicated as t;,. The second
selection period is indicated as t, ,. The period from the start
of the scanning period to the first selection period is indi-
cated as t,.

[0150] InFIG. 24B, the scanning period is indicated as t,,.
The first selection period is indicated as t;. The second
selection period is indicated as t,. The period from the start
of'the first selection period to the start of the scanning period
is indicated as t,.

[0151] As illustrated in FIG. 24B, the start of the first
selection period is moved to a point earlier than the start of
the scanning period. The output of the first control signal is
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started before the scanning period. This allows the first
selection period to be longer than that for the drive timing
according to the related art shown in FIG. 24A. First, the
timing of making the scanning signal active and the timing
of making the control signal CKH1 active are inverted from
each other, so as to eliminate the period t, in FIG. 24A (time
difference between the timing at which the scanning signal
SCAN i rises and the timing at which the first control signal
CKH1 rises). Furthermore, the period t, generated by start-
ing earlier is present. Therefore, the first selection period t,
may be represented by the equation (3) below.

1=, 3)

[0152] That is, the first selection period t; may be extended
to be longer than the selection period t,; in the related art by
(t;+t,). The first application time may be extended to be
longer than the application time in the related art by (t+t,).
[0153] According to the present embodiment, the first
application time is made longer, thereby improving the
shortage of voltage at the first application. Combination of
Embodiment 2 and the present embodiment may further
extend the first application time.

Embodiment 4

[0154] Embodiments described above illustrate the demul-
tiplexer with the 6-to 12 structure, i.e. 1-to-2 structure. The
present embodiment relates to the demultiplexer with a
6-t0-24 structure, i.e. 1-to-4 structure. FIG. 25 illustrates a
configuration of another demultiplexer 4. The demultiplexer
4 includes a first distribution unit 41, a second distribution
unit 42, a third distribution unit 43, a fourth distribution unit
44, a fifth distribution unit 45 and a sixth distribution unit 46.
Moreover, the demultiplexer 4 includes the control signal
terminal CN to which the control signal CKH is input.
[0155] FIG. 26 illustrates a configuration of the first dis-
tribution unit. The first distribution unit 41 includes an input
terminal S1, and switching elements 411, 412, 413 and 414.
The first distribution unit 41 distributes the drive signal D1
input to the input terminal S1 in accordance with the control
signal CKH. One terminal of the switching element 411 is
connected to the input terminal S1. The other terminal of the
switching element 411 is connected to the output terminal
X1. One terminal of the switching element 412 is connected
to the input terminal S1. The other terminal of the switching
element 412 is connected to the output terminal Y1. One
terminal of the switching element 413 is connected to the
input terminal S1. The other terminal of the switching
element 413 is connected to the output terminal Z1. One
terminal of the switching element 414 is connected to the
input terminal S1. The other terminal of the switching
element 414 is connected to the output terminal XX1.
[0156] The switching elements 411 to 414 are switched
between the connected state and the disconnected state
based on the control signal CKH. One of the switching
elements 411 to 414 is made in the connected state while
three of them are made in the disconnected state in accor-
dance with the control signal CKH, so that the drive signal
D1 input to the input terminal S1 may be distributed to any
one of the output terminals X1, Y1, Z1 and XX1.

[0157] When the switching element 411 is in the con-
nected state whereas the switching elements 412 to 414 are
in the disconnected state, the drive signal D1 input to the
input terminal S1 is output from the output terminal X1.
When the switching element 412 is in the connected state
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whereas the switching elements 411, 413 and 414 are in the
disconnected state, the drive signal D1 input to the input
terminal S1 is output from the output terminal Y1. When the
switching element 413 is in the connected state whereas the
switching elements 411, 412 and 414 are in the disconnected
state, the drive signal D1 input to the input terminal S1 is
output from the output terminal Z1. When the switching
element 414 is in the connected state whereas the switching
elements 411 to 413 are in the disconnected state, the drive
signal D1 input to the input terminal S1 is output from the
output terminal XX1. The second distribution unit 42 to the
sixth distribution unit 46 operate similarly to the first dis-
tribution unit 41.

[0158] The demultiplexer 4 distributes six drive signals
simultaneously by the first distribution unit 41 to the sixth
distribution unit 46. As each distribution unit has four output
terminals, four types of control signals are required for the
control signal CKH. That is, the first control signal to the
fourth control signal are input to the control signal terminal
CN of the demultiplexer 4.

[0159] Each output terminal of the demultiplexer 4 corre-
sponds to one subpixel. The drive signal output from each
output terminal of the demultiplexer 4 is input to a corre-
sponding subpixel. The demultiplexer 4 in FIG. 25 has
twenty-four output terminals, and thus corresponds to
twenty-four subpixels, or eight main pixels. Since six input
terminals are provided, drive signals may be distributed to
six subpixels at the same time. PX1 to PX8 shown in FIG.
25 represent main pixels. The main pixel PX1 includes
subpixels R1, G1 and B1. The subpixel R1 represents a
subpixel of red. The subpixel G1 represents a subpixel of
green. The subpixel B1 represents a subpixel of blue. The
other main pixels PX2 to PX8 are similar to the main pixel
PX1.

[0160] FIGS. 27A-27B illustrates the association between
the demultiplexer 4 and subpixels. FIG. 27A illustrates the
subpixels in the same order as that shown in FIG. 25. The
“polarity” column indicates the polarity of a drive signal
input to each of the other subpixels when a drive signal of
the negative polarity is input to the subpixel R1 of the main
pixel PX1. The positive polarity is indicated as “+.” The
negative polarity is indicated as “~.” The “output terminal”
column indicates the output terminal of the demultiplexer 4
corresponding with each subpixel. The “input terminal”
column indicates the input terminal corresponding to the
output terminal.

[0161] FIG. 27B shows another arrangement of subpixels
different from FIG. 27A. In FIG. 27B, subpixels are sorted
by the distribution unit, while corresponding distribution
units are also indicated. The subpixel group corresponding
with the first distribution unit 41 includes four subpixels R1,
R3, R5 and R7. The subpixel R1 is included in the main
pixel PX1. The subpixel R3 is included in the main pixel
PX3. The subpixel R5 is included in the main pixel PX5. The
subpixel R7 is included in the main pixel PX7. Each of the
four subpixels is included in every other main pixel accord-
ing to the order of arrangement. The four subpixels are all
red, the same color. Moreover, when the drive signal of the
negative polarity is input to the subpixel R1, drive signals of
the negative polarity are also input to the other subpixels R3,
R5 and R7. That is, the drive signals of the same polarity are
input to the four subpixels. The first distribution unit 41
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sequentially distributes the drive signals D1 that are sequen-
tially input through the input terminal S1 to the four sub-
pixels.

[0162] For the subpixel groups corresponding with the
first distribution unit 41 to the sixth distribution unit 46,
similarity is present as described below. The subpixel groups
include the first to fourth subpixels respectively included in
first to fourth main pixels, the first to fourth main pixels
being arrayed every other, the first to fourth subpixels being
the subpixels having the same color to which the drive
signals of the same polarity are input. The distribution unit
corresponding with the subpixel group distributes the
sequentially-input drive signals to the first subpixel to the
fourth subpixel in sequence.

[0163] Moreover, the distributing operation performed by
the first distribution unit 41 to sixth distribution unit 46 may
be expressed in general as follows. The panel controller 143
which is an example of a control circuit configured to
generates the j-th control signal (j is an integer of 1, 2, 3 or
4) to control the demultiplexer 4, and sequentially to output
the generated first to fourth control signals to the demulti-
plexer 4. The first distribution unit 41 to the sixth distribu-
tion unit distribute the drive signals for the j-th subpixel to
the j-th subpixel in response to the j-th control signal.
[0164] In the present embodiment, the subpixels are
divided into groups from the perspective that the drive
signals having the same color and the same polarity are
applied thereto as in Embodiment 1. Accordingly, even in
the case where the Pixel Check pattern is displayed, no
shortage of voltage occurs at the second application. This
can thus suppress the lowering in luminance or the occur-
rence of flickers.

[0165] The technical features (components) described in
each embodiment may be combined with one another, and
such combinations may form new technical features.
[0166] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in every
respect. Since the scope of the present invention is defined
by the appended claims rather than by the description
preceding them, all changes that fall within metes and
bounds of the claims, or equivalence of such metes and
bounds thereof are therefore intended to be embraced by the
claims.

What is claimed is:

1. A display apparatus, comprising:

a display unit in which a first plurality of main pixels
including subpixels of a first color to an Nth color are
arrayed in a line, the “N” being an integer larger than
1; and

a demultiplexer including a distribution unit configured to
distribute a drive signal which drives any one of a
plurality of subpixels included in a subpixel group to
the one of the plurality of subpixels,

wherein the subpixel group includes a plurality of sub-
pixels included in a second plurality of main pixels
among the first plurality of main pixels, one or more
main pixels being interposed between the second plu-
rality of main pixels, the plurality of subpixels being
subpixels having a same color to which drive signals of
a same polarity are input.

2. The display apparatus according to claim 1, wherein

the demultiplexer includes a plurality of distribution units
respectively corresponding with subpixel groups in
one-to-one correspondence, and
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at least one of the distribution units sequentially distrib-
utes drive signals which drive subpixels included in a
subpixel group corresponding with the one of the
distribution units to the subpixels.

3. The display apparatus according to claim 2, wherein

each of first to N-th subpixel groups includes subpixels of

first to N-th colors, and

a first to N-th distribution units respectively correspond-

ing with the first to N-th subpixel groups simultane-
ously distribute input drive signals.

4. The display apparatus according to claim 2, wherein

the subpixel group includes first and second subpixels

included in two main pixels with one main pixel
interposed between the two main pixels, the first and
second subpixels being subpixels having a same color
to which drive signals of a same polarity are input, and
a distribution unit corresponding with the subpixel group
sequentially distributes the drive signals that are
sequentially input, to the first subpixel and the second
subpixel.

5. The display apparatus according to claim 4, further
comprising a control circuit configured to generate a first
control signal and a second control signal to control the
demultiplexer, and sequentially to output the generated first
and second control signals to the demultiplexer,

wherein the distribution unit distributes a drive signal

which drives the first subpixel to the first subpixel in
response to the first control signal, and distributes a
drive signal which drives the second subpixel to the
second subpixel in response to the second control
signal.

6. The display apparatus according to claim 5, wherein

the N is 3,

the display unit includes at least first to fourth main pixels
arrayed in a line, the second main pixel is adjacent to
the first main pixel and the third main pixel, and the
fourth main pixel is adjacent to the third main pixel,

each of the first main pixel to the fourth main pixel
includes subpixels of a first color to a third color
arrayed in a line, and the demultiplexer includes:

an i-th distribution unit corresponding with an i-th sub-
pixel group in one-to-one correspondence, the i-th
subpixel group including subpixels of an i-th color
included in the first main pixel and the third main pixel,
the “i” being an integer of 1, 2 or 3; and

an i+3 distribution unit corresponding with an i+3 sub-
pixel group in one-to-one correspondence, the i+3
subpixel group including subpixels of an i-th color
included in the second main pixel and the fourth main
pixel.

7. The display apparatus according to claim 6, wherein

the i-th distribution unit distributes a drive signal to a
subpixel included in the first main pixel in response to
the first control signal, while the (i+3)-th distribution
unit distributes a drive signal to a subpixel included in
the second main pixel in response to the first control
signal, and the i-th distribution unit distributes a drive
signal to a subpixel included in the third main pixel in

response to the second control signal, while the (i+3)-th
distribution unit distributes a drive signal to a subpixel
included in the fourth main pixel in response to the
second control signal.
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8. The display apparatus according to claim 6, wherein

the (2i-1)-th distribution unit distributes a drive signal to
a subpixel included in the (i div 343)-th main pixel in
response to the first control signal, while the 2i-th
distribution unit distributes a drive signal to a subpixel
included in the (i div 2+1)-th main pixel in response to
the first control signal,

the (2i-1)-th distribution unit distributes a drive signal to
a subpixel included in the (i div 3+1)-th main pixel in
response to the second control signal, while the 2i-th
distribution unit distributes a drive signal to a subpixel
included in the (i div 2+3)-th main pixel in response to
the second control signal, and

n div m indicates an integer unit of a quotient obtained by
dividing n by m.

9. The display apparatus according to claim 6, wherein

in a scanning period during which the plurality of sub-
pixels arrayed in a line are simultaneously scanned, the
control circuit outputs the second control signal after
the first control signal is output, and

the first period during which the first control signal is
output to the demultiplexer is longer than the second
period during which the second control signal is output
to the demultiplexer.

10. The display apparatus according to claim 6, wherein

the control circuit starts outputting the first control signal
before a scanning period during which the plurality of
subpixels arrayed in a line simultaneous scanned.

11. The display apparatus according to claim 2, wherein

the distribution unit further includes a driver circuit
configured to output a drive signal which includes a
first polarity and which drives a subpixel or a drive
signal which includes a second polarity and which
drives a subpixel, and

the driver circuit outputs drive signals of a same polarity
to the distribution unit in a period during which the
plurality of subpixels arrayed in a line scanned.

12. The display apparatus according to claim 11, wherein

the driver circuit outputs the drive signal which includes
the first polarity and which drives a first subpixel to a
distribution unit corresponding with a subpixel group
including the first subpixel, and outputs the drive signal
which includes the second polarity and which drives a
second subpixel to a distribution unit corresponding
with a subpixel group including the second subpixel
adjacent to the first subpixel.

13. The display apparatus according to claim 2, wherein

the subpixel group includes first to fourth subpixels
respectively included in first to fourth main pixels, the
first to fourth main pixels being arrayed every other, the
first to fourth subpixels being subpixels having a same
color to which drive signals of a same polarity are
input, and

the distribution unit corresponding with the subpixel
group distributes drive signals, which are sequentially
input, to the first subpixel to the fourth subpixel in
sequence.

14. The display apparatus according to claim 13, further

comprising a control circuit configured to generate a j-th
control signal (j is an integer of 1, 2, 3 or 4) to control the
demultiplexer, and sequentially to output the j-th control
signals to the demultiplexer,
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wherein the distribution unit distributes a drive signal to
drive a j-th subpixel to the j-th subpixel in response to
the j-th control signal.
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